Abstract. The application of geomagnetic field to auxiliary matching navigation is a new direction in the research field of integrated navigation technology. This technology provides a new means for passive location of underwater submersible. The nearest point iterative method is one of the important matching navigation algorithms, but it has some disadvantages such as low real-time performance and slow search speed. Considering the above two shortcomings, we adopt the fixed initial sequence length to improve the sampling structure and deduce the single point iteration formula. Meanwhile, we use sliding window search to narrow the search area and speed up the algorithm, and finally realize the real-time ICP algorithm design. Based on the MATLAB platform, we realized the real-time ICP algorithm geomagnetic matching simulation experiment. The simulation system first used a large area of aeromagnetic anomaly data to build geomagnetic map for matching and positioning experiment. Then the inertial / geomagnetic integrated navigation system is used to experiment on the small area geomagnetic map of self-test, and the simulation results are better.
ICP algorithm is one of the related processing algorithms [1] . It takes the closest point of the geomagnetic intensity equivalent line as the corresponding relation. By taking the extreme value of the correlation function to determine the transformation from the data form to the model shape, and iterating iteratively, the objective function is gradually reduced [2] [3] . The specific process is as follows: the contour extraction of magnetic field intensity and magnetic sensor acquisition in digital reference value in the geomagnetic map, the equivalent line from the nearest point of the ins output position as the corresponding points, and then in the objective function for the minimum measurement significance used the optimal transform guide position output, this transformation is achieved by iterative implementation the guide position, output as the best matching alignment correction of inertial navigation system used to eventually transform, as shown in figure 1 .
In Figure 1 , the movement of the carrier in a magnetic field, the true position of 5 measuring points are shown as thick lines, while the output position of the inertial system is solid, the corresponding output sequence for the magnetic field of magnetic sensor (50,80,70100,20) (the unit is nT, the size of that numerical geomagnetic anomaly values). When matching, first find the magnetic field sequence in geomagnetic map using contour technique (50,80,70100,20) of the contour map using dotted line, and then find the equivalent line and INS output recently corresponding points, finally will be used to increase the correlation characteristics of transformed trajectory and the corresponding point of recent rigid transformation guide track that this completes the first iteration process. Repeating the above process, the inertial navigation path will gradually converge to the real trajectory, and figure 1 represents the whole process [4] . 
ICP Algorithm Transformation Solution
From the basic steps of the ICP algorithm, it is known that after the target function is determined, the transformation T needs to be solved to make the objective function reach the extreme value, even if the following function is minimal: 
Real Time lCP Algorithm Design
In order to improve the real-time performance of ICP [5] , the real-time ICP algorithm is designed from the following two aspects:
The sampling structure of the algorithm is improved by using the fixed initial sequence length to realize the design of the real-time ICP algorithm which can be iterated by single point. The mark point of the inertial guide is t ୧ (i = 0,1, … , n), the number of sampling points of the ICP matching algorithm is 5, and the rigid transformation required for each completion sequence matching ist ୧ (i = 0,1, … , n), if the rotation matrix is R and the translation vector is S, then there is T (P) =S+RP.
(1) the sequence L1(t ~tସ ), after the first match (i.e., T ଵ transform), gets the matching track sequence L2(t ~tସ ), and then the first match is completed.
(2) get the latest ins guidance track point t ହ , transform the t ହ to t ହ ′ by T ଵ , and (t ଵ ′~t ହ ′ )make up the sequence L3, and sequence L3 as the initial sequence of the second match, then do the second match (T2 transform).
The following matching process is analogous in turn. From the above analysis, we can see that the improved real-time ICP algorithm only needs to set the length of the sampling sequence at a time, and then achieve single point iterative matching, which greatly improves the real-time performance of the matching. 
Simulation Test Analysis
Based on the geomagnetic matching theory mentioned above, the geomagnetic field data of a certain area of the earth is simulated. The geomagnetic map is based on the original magnetic field data provided by the Ministry of land and resources in a certain area of Inner Mongolia. Its grid resolution is about 500m*500m. The real track and motion state of the carrier are preset, and the output data of inertial navigation is deduced from the inertial navigation equation. The magnetic sensor measurement data consist of the magnetic field value of the real location of the carrier and the white noise. The initial conditions of the simulation are shown in the following table. With the various parameters given in Table 1 and table 2 above, the motion state of the carrier in the matching period can be determined, as shown in Figure 4 . The solid line represents the actual trajectory of the carrier, and the dot line represents the output trajectory obtained by the inertial system. Figure 3 shows that in the ICP based geomagnetic matching algorithm. The simulation results show that the final matching error is 300m (CEP) under the above conditions. Of course, with the change of initial conditions, the matching error will also change. The key influencing factors include the noise intensity of magnetic sensor, the initial error of inertial navigation and the number of sampling times.
In order to further verify the real-time performance of the ICP algorithm [6] [7], a geomagnetic map is first measured in an open space with good geomagnetic characteristics, and then a navigation experiment with a geomagnetic aided low cost inertial navigation system is carried out. The experimental results are shown in Figure 4 . It can be seen from the graph that with the location divergence of low cost inertial navigation system, the geomagnetic matching navigation results can keep the carrier operation error in a certain range.
Conclusions
The simulation test shows that the geomagnetic matching algorithm based on real time ICP is applicable in practice. However, with the relative change of initial position of carrier, initial location of inertial navigation and geomagnetic map, and the influence of noise of magnetic field sensor, the matching algorithm will fail, or even increase the error. Therefore, we need to take some measures to improve the matching algorithm. 
